Introduction {#Sec1}
============

The novel coronavirus 2019 (SARS-CoV-2) has caused the worldwide pandemic of coronavirus disease 2019 (COVID-19). COVID-19 was initially identified as a cluster of pneumonia cases during late December 2019 in China \[[@CR1]\] and rapidly spread worldwide. The definite modes of SARS-CoV-2 transmission are not yet completely known; however, health officials suggest that it could primarily spread through droplets when an infected person coughs or sneezes, and by direct contact with infected individuals \[[@CR2]\]. Unfortunately, no drugs or vaccines have been officially approved for the treatment of COVID-19, although some drugs, such as hydroxychloroquine and remdesivir, are under clinical investigation \[[@CR3]\]. Therefore, acquiring and being adherent to the universal safety precautions (USPs) is the only method to control the spread of COVID-19. Implementing the following non-pharmacological USPs during the pandemic would relieve overloaded healthcare systems and the concerns of the public.

Maintaining personal hygiene is an essential practice to protect against any type of respiratory illness, including COVID-19. Hand washing and social/physical distancing are effective measures to prevent transmission between individuals \[[@CR4], [@CR5]\]. Other major mitigating measures include isolation and quarantine, particularly of individuals with symptoms or confirmed COVID-19 cases. If the above-mentioned measures are insufficient in reducing the wide spread of the infection, community containment would be implemented where an entire community or neighbourhood is restricted in order to reduce personal interactions, except for inevitable situations. The use of personal protective equipment (PPE), such as face masks, gloves and hand sanitizers, is another precautionary control measure, although less effective than other control measures \[[@CR6]\].

The course of COVID-19 in India initially seemed under control, with relatively lower rates of infection despite the large population; however, the number of COVID-19 cases and fatalities is increasing rapidly. Considering the dynamics of SARS-CoV-2, especially its higher rates of transmission, the COVID-19 outbreak in India could continue to worsen. Out of concern in this regard, this study was conducted to examine the knowledge and beliefs regarding COVID-19 USPs and mitigating strategies related to COVID-19 among the public of India.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

A cross-sectional, web-based survey was conducted during March 2020 with the intention of obtaining responses regarding USPs and mitigating strategies towards COVID-19 among the Indian public with access to the internet and/or social media networks.

Development of the questionnaire {#Sec4}
--------------------------------

A 20-item semi-structured self-administered questionnaire was developed in the English language using fact sheets, course materials, information leaflets and booklets developed by the Health Protection Surveillance Centre (HPSC) \[[@CR7]\], Public Health Agency (HSC) \[[@CR8]\], National Health Service (NHS) \[[@CR9]\], and the World Health Organization (WHO) \[[@CR10]\] in relation to COVID-19 prevention. The study questionnaire included six demographic-related questions, followed by two domains, i.e. knowledge and beliefs, each with 10 questions. For the knowledge-related questions, all questions were multiple choice with three to four options, while for the belief-related questions, there were three multiple choice options (agree, disagree and do not know). The questionnaire mainly focused on aspects such as personal hygiene, proper handwashing, use of face masks, and social distancing techniques such as quarantine and isolation (Electronic Supplementary Material).

Validity and reliability of the questionnaire {#Sec5}
---------------------------------------------

The initial questionnaire was validated by subject experts (faculty members and researchers) using face and content validation methods. The questionnaire was checked for clarity, appropriateness, wordiness, and use of jargon and double-ended questions. The revised questionnaire was then assessed for reliability using split-half (internal reliability) and test--retest (external reliability) methods in a pilot study with 30 random respondents. The survey questions were split into two equal halves using the odd--even method and were distributed among the pilot study participants, where the responses between the two sets of questions (i.e. odd and even sets) were correlated. A reliability correlation coefficient of ≥ 0.7 between the two sets of questions was considered to indicate reliability. The questionnaire had reliability correlation coefficients of 0.74 (split-half) and 0.72 (test--retest), and was revised based on the comments/feedback of participants in the pilot study.

Sample size {#Sec6}
-----------

The study sample size was estimated using the Raosoft sample size calculator \[[@CR11]\]. A minimum of 385 participants were required at a margin of error of 5%, a 95% confidence interval (CI), and a population size of 1 billion at a 50% response distribution.

Distribution of the questionnaire {#Sec7}
---------------------------------

The final revised questionnaire was designed using Google forms \[[@CR12]\] and was posted, advertised and distributed by the study investigators using their private accounts on social media platforms such as Facebook, WhatsApp, Telegram and LinkedIn. The public were requested to take part in the survey by completing the questionnaire without any time restrictions. Multiple responses or submissions were controlled using the 'Limit to one response' feature of Google forms.

Ethical considerations {#Sec8}
----------------------

The purpose of the survey was explained to potential participants, who were requested to provide consent of voluntary willingness prior to their participation. All procedures performed in this study involving human participants were in adherence to the ethics of the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This study was conducted and reported according to the Checklist for Reporting Results of Internet E-Surveys (CHERRIES) guidelines \[[@CR13]\].

Statistical analysis {#Sec9}
--------------------

Data were recorded in Microsoft Excel spreadsheets (Microsoft Corporation, Redmond, WA, USA) and cross-checked for accuracy. Statistical analysis was performed using IBM SPSS software, version 24 (IBM Corporation, Armonk, NY, USA) \[[@CR14]\]. Descriptive statistics on sample characteristics were computed, including means with standard deviation, and frequency distributions. For assessing factors influencing USP knowledge, participants were categorized into low (0--4) and high (5--10) knowledge score groups based on the cumulative scores. The factors influencing knowledge were identified using binary logistic regression analysis and represented as odds ratios with 95% CIs. *P*-values \< 0.05 were considered to be statistically significant.

Results {#Sec10}
=======

A total of 1117 participants completed the survey questionnaire. The mean age of study participants was 28.8 ± 10.9 years, with \> 50% belonging to the \< 25 years age category. Participants were equally distributed by sex, and \> 90% had either doctoral (28.4%), postgraduate (32.9%) or undergraduate (30.1%) degrees as their educational status. Most participants were professional job holders (45%) or students (32%), and ≈ 40% belonged to the upper-middle economic class (26,355--52,733 rupees/month) \[see Table [1](#Tab1){ref-type="table"} for other sociodemographic characteristics of the study population\].Table 1Sociodemographic characteristics of 1117 study participants (questions 2--6 on the questionnaire)VariableNo. of participants (%)Age, years \< 25666 (59.6) 25--45284 (25.4) \> 45167 (15.0)Sex Male568 (50.9) Female549 (49.1)Education level Doctoral degree317 (28.4) Postgraduate367 (32.9) Undergraduate336 (30.1) Post-secondary/diploma38 (3.4) Secondary education (grades 9--12)48 (4.3) High school (grades 5--8)11 (1.0)Occupation status Professional503 (45.0) Skilled worker124 (11.1) Unskilled worker46 (4.1) Unemployed13 (1.21) Retired employee53 (471) Homemaker21 (1.9) Student357 (32.0)Economical class (rupees/month) Upper (≥ 52,734)272 (24.4) Upper-middle (26,355--52,733)445 (39.8) Lower-middle (19,759--26354)45 (4.0) Upper-lower (13,161--19,758)295 (26.4) Lower (≤ 13,160)60 (5.4)

Knowledge regarding universal safety precautions (USPs) {#Sec11}
-------------------------------------------------------

Although most of the study participants (69.7%) provided the correct response with regard to the ideal length of time to wash hands in preventing the infection, almost half of the participants (46%) were not aware of the ideal strength of the alcohol that a hand sanitizer should contain to be used during outbreaks, while more than two-thirds (70%) did not know the ideal social-distancing distance. Around three-quarters (74%) and two-fifths (41%) of participants were not aware of the quarantine and isolation procedures that are usually followed during outbreaks; however, most participants knew the correct answers regarding the self-isolation time period (84%), type of face mask to be used (77%), and social distancing procedures (94%). The overall mean knowledge domain score was 63.0% (95% CI 60.0--65.8), with a range of 25.6--93.6%. Other knowledge domain scores are provided in Table [2](#Tab2){ref-type="table"}.Table 2Knowledge of universal safety precautions in 1117 study participantsQuestion (questions 7--16 on the questionnaire)Correct answerNo. of responses (%)CorrectIncorrect7. What would be the ideal length of time to wash hands in preventing the spread of COVID-19?20 s779 (69.7)338 (30.3)8. What is the ideal strength of alcohol that a hand sanitizer should contain to be used during outbreaks?60%603 (54.0)514 (46.0)9. What would be the ideal distance to be maintained in preventing the spread of COVID-19?2 m/6 ft338 (30.3)779 (69.7)10. During outbreaks, '*quarantine*' is a procedure usually followed by?At-risk people286 (25.6)831 (74.4)11. During outbreaks, '*isolation*' is a procedure usually followed by?Infected people654 (58.5)463 (41.5)12. Health status of all the close contacts should be monitored for how many days from the last exposure (i.e. *self-isolation period*)?14 days940 (84.2)177 (15.8)13. Which type of face mask is considered as ideally protective during outbreaks?N-95 face mask857 (76.7)260 (23.3)14. *Social distancing* means staying away from the crowd and maintaining minimum distance from people around, with the intention of minimizing the transmission of an outbreak?True1045 (93.6)72 (6.4)15. The term '*close contacts*' are those who had provided care for infected persons?True705 (63.1)412 (36.9)16. The term '*transient contacts*' are those who had interacted with the infected persons for a short period of time?True821 (73.5)296 (26.5)All questions were multiple choice with three (true, false and not sure) or four possible options

Beliefs regarding USPs {#Sec12}
----------------------

Almost all study participants (94%) believed that maintaining good personal hygiene, washing hands frequently using soap, avoiding handshaking behaviour, and avoiding placing fingers in the eyes, nose, and mouth would prevent the spread of the infection. Likewise, almost all (\> 96%) believed that adhering to social distancing measures and staying at home would be good practices in combating the spread. However, three-quarters of participants believed that wearing a face mask is considered appropriate and protective even in the absence of symptoms. The overall mean 'beliefs' domain score was 83.0% (95% CI 80.7--85.1), with a range of 25.3--96.4%. Other domain data regarding beliefs are provided in Table [3](#Tab3){ref-type="table"}.Table 3Beliefs regarding universal safety precautions in 1117 study participantsQuestion (questions 17--26 on the questionnaire)Correct answerNo. of responses (%)CorrectIncorrect17. Maintaining good personal hygiene and being socially responsible would prevent the spread of COVID-19?Agree1045 (93.6)72 (6.4)18. Washing hands frequently using soap or sanitizer would prevent the spread of COVID-19?Agree1045 (93.6)72 (6.4)19. Avoiding handshaking behaviour would prevent the spread of COVID-19?Agree1047 (93.7)70 (6.3)20. Avoiding placing fingers into eyes, nose and mouth would prevent the spread of COVID-19?Agree1050 (94.0)67 (6.0)21. Coughing and sneezing into the elbow or within the clothing is a good practice in preventing the spread of COVID-19?Agree961 (86.0)156 (14.0)22. Limiting eating and sharing food with colleagues and friends would prevent the spread of COVID-19?Agree745 (66.7)372 (33.3)23. Following social distancing measures and avoiding crowded places would limit the spread of COVID-19?Agree1076 (96.3)41 (3.7)24. Wearing a face mask is considered appropriate and protective, although not having any symptoms?Disagree283 (25.3)834 (74.7)25. Proper use of a face mask should include covering nose, mouth and chin with the coloured side facing outside?Agree978 (87.6)139 (12.4)26. Staying at home would play a significant role in preventing the spread of COVID-19?Agree1077 (96.4)40 (3.6)All questions were multiple choice questions with three possible options (agree, disagree and do not know)

Factors influencing the knowledge of study participants {#Sec13}
-------------------------------------------------------

Based on the survey responses, participants had considerably true beliefs, as almost all questions had more than a 90% correct response rate. Therefore, we decided to only assess the factors influencing knowledge as there was no need to identify the predictors for beliefs, based on our preliminary analysis. Binary logistic regression analyses indicated that increasing age, female sex, low level of education, non-professional occupation and lower economic class were the factors responsible for the low level of USP knowledge. Of note, participants with an occupational status of 'student' were less likely to have lower scores \[odds ratio (OR) 0.35, 95% CI 0.23--0.53; *p* \< 0.001\] than professionals (Table [4](#Tab4){ref-type="table"}).Table 4Factors influencing knowledge of universal safety precautions in 1117 study participantsSociodemographic factorNo. of participantsNo. of participants (%)OR (95% CI)Low score (0--4)High score (5--10)Age, years \< 25666149 (22.4)517 (77.6)Reference 25--45284130 (45.8)154 (54.2)2.93 (2.18--3.94)\*\* \> 4516769 (41.3)98 (58.7)2.44 (1.71--3.49)\*\*Sex Male568109 (19.2)459 (80.8)Reference Female549238 (43.3)311 (56.7)3.22 (2.46--4.22)\*\*Education level Doctoral degree31718 (5.7)299 (94.3)Reference Postgraduate36741 (11.2)326 (88.8)2.09 (1.17--3.72)\* Undergraduate33638 (11.3)298 (88.7)2.12 (1.18--3.80) Post-secondary/diploma3820 (52.6)18 (47.4)18.46 (8.34--40.86)\*\* Secondary education (grades 9--12)4827 (56.2)21 (43.8)21.34 (10.16--44.88)\*\* High school (grades 5--8)115 (45.4)6 (54.6)13.84 (3.85--49.72)\*\*Occupational status Professional503114 (22.7)389 (77.3)Reference Skilled worker12446 (37.1)78 (62.9)2.01 (1.32--3.06)\*\* Unskilled worker4631 (67.4)15 (32.6)7.05 (3.68--13.52)\*\* Unemployed139 (69.2)4 (30.8)7.68 (2.32--25.39)\*\* Retired employee5331 (58.5)22 (41.5)4.81 (2.68--8.63)\*\* Homemaker2114 (66.7)7 (33.3)6.83 (2.69--17.31)\*\* Student35733 (9.2)324 (90.8)0.35 (0.23--0.53)\*\*Economic class (rupees/month) Upper (≥52,734)27283 (30.5)189 (69.5)Reference Upper-middle (26,355--52,733)44117 (26.3)328 (73.7)0.81 (0.58--1.13) Lower-middle (19,759--26,354)4532 (71.1)13 (28.9)5.61 (2.80--11.22)\*\* Upper-lower (13,161--19,758)295192 (65.1)103 (34.9)4.25 (2.99--6.04)\*\* Lower (≤13,160)6039 (65.0)21 (35.0)4.23 (2.34--7.63)\*\**OR* odds ratio, *CI* confidence interval\**p* ≤ 0.011, \*\**p* ≤ 0.001

Discussion {#Sec14}
==========

This study appears to be the first to assess the knowledge and beliefs towards USPs in combating the spread of COVID-19 in the Indian public. Our results noted that participant knowledge regarding the self-isolation time periods and the social distancing measures were relatively high, whereas other knowledge (ideal length of time to wash hands, the strength of alcohol that a hand sanitizer should contain to be used during outbreaks, ideal distance to be maintained in preventing the spread of COVID-19, quarantine and isolation procedures, type of face mask to be used, and the difference between close and transient contacts) was insufficient. Overall, correct responses for USP beliefs were relatively high, except the responses for questions regarding eating and sharing food with colleagues and friends during the COVID-19 pandemic and wearing a face mask without having any symptoms. Overall, this indicates that educational interventions regarding USP for COVID-19 are needed for the general public in India.

USPs and community mitigation strategies, such as maintaining personal hygiene, handwashing behaviour, social distancing, isolation and quarantine methods, and rational use of face masks, could play a major role in diminishing SARS-CoV-2 transmission. Generally, educating the public, with an emphasis on personal hygiene such as washing hands, would take a lot of time and effort, especially in developing countries such as India. A large cross-sectional comparative study conducted in Bangladesh \[[@CR15]\] found a significant gap between perceptions and the practice of proper handwashing behaviours. It found that handwashing behaviour with soap before eating food was lower at baseline than at the end of follow-up (8% vs 22%). Furthermore, socioeconomic status, including education, has shown a positive association with handwashing, which is similar to our study findings \[[@CR15]\].

In contrast with our results, a study conducted during an outbreak of the H1N1 influenza-A pandemic in 2009 at a large public university in the USA found poor compliance with the mitigation strategies, such as staying at home while ill, in avoiding the spread of the virus. In addition, around half of the study participants, including students, staff and faculty members, had attended social gatherings despite acute respiratory infection and feeling ill \[[@CR16]\]. Among various infection control strategies, the use of PPE is essential during outbreaks such as COVID-19, especially among healthcare workers and infected people. Although PPE is not recommended as a frontline defence measure, it should be included with other administrative and environmental control measures.

Unfortunately, a recent systematic review regarding the use of PPE to protect against respiratory infections in Pakistan found that PPE was not available at many facilities, and its use was limited during high-risk situations \[[@CR17]\]. In addition, the systematic review observed low compliance towards PPE among healthcare workers in relation to the reuse behaviour of PPE. In another cross-sectional survey that evaluated the knowledge, use and barriers towards the use of PPE for airway management among emergency medical technicians during the SARS outbreak in Canada, most study participants (91.5%) thought N-95 respirator masks were the safest and should be used during outbreaks \[[@CR6]\], which is in keeping our study. However, the appropriate selection and efficacy of the respiratory protective apparatus has always been controversial \[[@CR18]\]. The current study findings related to the proper use of a face mask (question 25) are in accordance with a cross-sectional study that assessed the use of face masks in a primary care outpatient setting in Hong Kong, where more than half of the participants (52%) demonstrated the correct steps in wearing a face mask \[[@CR19]\].

Implementing mitigation strategies such as isolation, quarantine and community containment during outbreaks would be associated with major challenges, such as early case detection in order to self-isolate, the need for psychological support, availability of basic needs while being separated from the public, and, most importantly, dealing and managing with the ethical codes, principles, self-determination, individual conflicts and rights of liberty of the public. Such challenges should be considered when implementing strategies during pandemics such as COVID-19. In a recent epidemic network model by Leung et al., it was inferred that social distancing during an epidemic might have potential negative effects, such as losing social contacts, at the population level \[[@CR20]\]. The authors also stated that rational preventive measures during epidemics could have a counter-effect on the population in the long run, as such measures might result in behavioural changes among the public, which could further worsen epidemic outcomes. However, policies and decision making regarding mitigation strategies should not be generalized considering the dynamics of other pandemics such as influenza, Middle East respiratory syndrome (MERS) and severe acute respiratory syndrome (SARS).

Looking at the current role of USPs and social distancing measures in combating the spread of COVID-19, it is worthwhile and wise to implement and adhere to such strategies in a timely manner. In this regard, the UK government has changed its action plan in dealing with COVID-19 following a modelling study that estimated 260,000 potential deaths \[[@CR21]\]. As a result, a combination of social distancing of the entire population, home isolation of infected cases, quarantining family members of infected individuals, and possible school and university closures were implemented to try to reduce the number of potential deaths \[[@CR22]\]. Lastly, the COVID-19 pandemic has taught government bodies and healthcare sectors how to deal with this outbreak and how to be prepared to face future outbreaks of infectious diseases \[[@CR23]\]. Research focusing on the transmission dynamics of SARS-CoV-2 is warranted to improve prevention strategies.

Study limitations {#Sec15}
-----------------

Certain limitations should be considered when interpreting the findings of this study. First, as this was a cross-sectional survey, causal inferences cannot be made, and chances for recall and information bias may exist. Second, as the questionnaire was self-administered, and was thus dependent on the self-reported data, it is difficult to predict and understand whether the respondents completed the survey honestly (i.e. social desirability bias and the responses provided by participants may not reflect reality). Lastly, as this was an internet-based online survey, it might not capture the responses from those regions with restricted access to social media. This may introduce demographic, sampling and coverage selection bias, especially as responses were mostly from a relatively young, educated, professional and internet-active population. Therefore, the study findings could not be generalized to the country's entire population.

Take home messages {#Sec16}
==================

Studies on knowledge, attitudes, perceptions and beliefs towards preventive and mitigating strategies during outbreaks and pandemics, especially in countries with large populations, are needed.Focusing on USPs, such as maintaining personal hygiene, washing hands, adhering to physical distancing techniques, self-isolation practices, and use of face masks and hand sanitizers, among the general public would significantly contribute to reducing the transmission of COVID-19.Although the overall level of USP knowledge and beliefs among the Indian public during the COVID-19 pandemic was encouraging, there is a need for long-term educational interventions, as the current scenario is rapidly changing.Based on the findings of this study, educational interventions should mainly target populations who are aged or female, have low levels of education or socioeconomic status, or hold a non-professional occupation.The findings of this study could help guide public health authorities in making and implementing strategies to combat COVID-19; however, the assessment of factors influencing compliance with USP measures is warranted.

Electronic supplementary material
=================================
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